1,2-dichloroethane in haloalkane dehalogenase protein and in water solvent: a case study of the confinement effect on structural and dynamical properties.
The structural and dynamical properties of an individual molecule is much affected by changes in a surrounding solvent or protein environment. The focus of the present study is to investigate such changes between proteins and solvents, using as an illustrating example the structure and dynamics of 1,2-dichloroethane (DCE) within haloalkane dehalogenase (HAD) as protein and within water as solvent. We have studied DCE within HAD using Car-Parrinello molecular dynamics calculations in a quantum mechanics/molecular mechanics set-up. We find that the C-Cl bond length is shorter in HAD when compared to solution phase value, whereas the net atomic charges and dipole moment are significantly larger than the solution phase values. In contradiction to the usual trend that molecules in the vicinity of the proteins are less polar, we report the observation that the protein environment indeed polarizes the DCE solute more than the water solvent. Furthermore, within the protein environment we do not observe any conformational transition between gauche and trans conformers, and the DCE remains in the more polar gauche conformer during the entire simulation time scale. However, the trans conformer interconverts to the gauche conformer spontaneously within 0.4 ps, which clearly indicates that the trans conformer is unstable within the HAD protein. In contrast, the scatter diagram of total Kohn-Sham energy and dihedral angle between Cl-C-C-Cl atoms shows that the gauche and trans conformers have comparable energies in water. Overall, the present calculations show the within the protein not only the structure of DCE is altered but also that the conformational interconversion dynamics is affected very much. To investigate the confinement effect on the conformational equilibrium, we have also carried out force-field molecular dynamics calculations which show that the population of trans conformer is significantly lower within the protein when compared to that in water solvent.